Clays for Karatsu ware were prepared from ground three sandstones by a stamp-milling and elutriation processes. The chemical and mineralogical properties were studied and compared with those of Amakusa pottery stones for Arita porcelain. Karatsu clays were composed of ¡-quartz, feldspar and kaolin minerals without sericite, and the mineral composition of normative ¡-quartz, feldspar and kaolin were 3848, 2637, 1731 mass %, respectively. Coarse particles in Karatsu clays were angular and rough in shape, and had a very broad particle size distribution. Average particle sizes of coarse particles were 2429¯m, and maximum particle size were 160260¯m, respectively. Average particle size of coarse particles was four to five larger than that of Amakusa pottery clay.
Introduction
Karatsu ware (Karatsu-yaki) is one of the glazed Japanese pottery, and has been produced in and around Karatsu-shi, Saga Prefecture since the late 16th century based on Korean ceramic wares (Punch'ong and Onggi wares) technologies. 1) After that, the production technology of Karatsu ware rapidly affected the initiation of Arita porcelain ware in the early 17th century. As of now, the clay for Arita porcelain ware are produced from finely ground Amakusa poterry stone, 2) while the deposited clay which is derived from the weathered sedimentary rock for a long period or the powdered clay which is produced from sedimentary rocks such as sandstone and shale deposits have been used for Karatsu ware.
There are many papers and technical reports on some properties of clay for Arita porcelain ware, 3)7) however, the basic property of clays for Karatsu ware has not been well studied. In this technical report, some properties of the clay for Karatsu ware prepared from some sandstone are investigated and compared with those of the clay for Arira porcelain ware.
Experimental
Three sandstones which were mined at Hatatsu, Yukiaino, and Yoshinotani areas in Karatsu-shi were used for the clay for Karatsu ware. They were finely ground down by a traditional stamp-mill grinding, and then the ground powders were put into water to separate fine and coarse mineral particles by a conventional elutriation process. Water content in three clays after filter press was 18 to 23 mass %. The chemical composition of clays was analyzed by X-ray fluorescence analysis (XRF, model ZSX, Rigaku Co., Japan), and the crystal phase was characterized by a powder X-ray diffraction (XRD, model X'Pert-MRD, PANalytical Co., Japan). The mineral composition was evaluated from the chemical composition and crystal phase by a normative calculation on clay and silicate minerals. 8)10) Coarse particles and fine particles in clays were repeatedly separated after an ultrasonic treatment in water. Fine particles floated in water were collected by a decantation and centrifugation. The morphology of coarse and fine particles in clays were observed by a scanning electron microscopy (FE-SEM, model JSM-6700F, JEOL, Japan) and a transmission electron microscopy (TEM, model 2010, JEOL, Japan), respectively. From SEM image of 300 of coarse particles, the coarse particle size distribution and average particle size were calculated. Some properties of three clays of Karatsu ware were compared with those of three types of Amakusa clay produced from Amakusa pottery stone which were mined from different sites for Arita porcelain ware. Tables 1 and 2 show the chemical and normative mineral composition of Karatsu and Amakusa clays. From XRD results and chemical composition, the mineral composition of these clays was evaluated based on the normative calculation. The mineral compositions of normative ¡-quartz, feldspar, kaolin and sericite in three Amakusa clays in this study were 5056, 15, 1117, 2538 mass %, respectively, and these values were similar to those of Amakusa pottery stone measured by a X-ray profile method (¡-quartz; 51.7, feldspar; 8.7, kaolin; 12.2, and sericite; 26.9 mass %).
Results and discussion
11) The mineral composition of normative ¡-quartz, feldspar and kaolin in three Karatsu clays were 3848, 2637, 1731 mass %, respectively. Karatsu clays had no sericite, but it was revealed that Karatsu clays had higher content of feldspar and kaolin than those of Amakusa clays.
It was very easy to grind three kinds of sandstones for Karatsu ware due to its weak structure than Amakusa pottery stone. The clays for Karatsu prepared in this study ware were very sandy. To investigate the morphology and size of the coarse particles in clays, the fine particles were removed from the surface of coarse particles by an ultrasonic treatment and decantation. Figures 3 Fig. 1 . X-ray diffraction patterns of some Karatsu and Amakusa clays. Q; ¡-quartz, K; Kolin minerals, F; Feldspar, S; Sericite. and 4 show SEM images and the particle size distribution of coarse particles of three Karatsu clays and Amakusa clay, and average particle size and maximum particle size of coarse particles were summarized in Table 3 . The coarse particles were composed of ¡-quartz with a small amount of feldspar from XRD analysis. As-received three sandstones of Karatsu ware were very brittle, and the time for stamp-mill grinding was shorter than that of hard Amakusa pottery stone. Coarse particles in three Amakusa clays had a rounded morphology and narrow particle size distribution. Average particle size was 4.87.7¯m and maximum particle size were 2955¯m. On the other hand, coarse particle in three Karatsu clays had very rough and angular shapes, and very broad particle size distribution. Average particle sizes were 2429¯m, and maximum particle size were 160260¯m. Average size of coarse particle in Karatsu clays was around four to five times larger than that of Amakusa clays. Further studies of the difference of original ¡-quartz morphology in sandstones and pottery stones, and the effect of stamp-milling condition on the morphology, particle size, and particle size distribution of coarse particles are now in progress.
Conclusions
In this study, some properties of clays for Karatsu ware prepared from sandstone were investigated. The obtained results on Karatsu clays were summarized as follows:
(1) Clays for Karatsu ware were composed of ¡-quartz, feldspar and kaolin minerals without sericite. The mineral composition of normative ¡-quartz, feldspar and kaolin were 3848, 2637, 1731 mass %, respectively. Karatsu clays had no sericite, but it was revealed that Karatsu clays had higher content of feldspar and kaolin than those of Amakusa clays.
(2) Coarse particle in three Karatsu clays had very rough and angular shapes, and very broad particle size distribution. Average particle sizes were 2429¯m, and maximum particle size were 160260¯m. Average particle size of coarse particles was four to five larger than that of Amakusa pottery clay. Journal of the Ceramic Society of Japan 121 [9] 863-866 2013
